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In the recent years, nematic liquid crystals have attracted a great deal of interest owing 
to the high optical nonlinearity available by the molecular reorientation [1]. 
Furthermore, this nonlinearity is known to be inherently highly non local owing to a 
strong intermolecular cohesion [2]. For this reason, these materials have been the 
subject of several recent studies of fundamental interest such as the study of higher-
order solitons [3] and spontaneous modulation instability [4]. In the present work, we 
investigate experimentally the behavior of a periodically modulated elliptical beam in 
nematic liquid crystals. We show that the optical nonlinearity leads to the 
amplification of the spectral sidebands corresponding to the initial modulation, a 
phenomenon known as induced spatial modulation instability. 
Figure 1 depicts the evolution of a 420 µm-wide and 300 mW-power beam. The main 
beam (pump) is interfering with a second one (signal) at the entrance of the LC-cell in 
order to obtain the intensity modulation. The setup allows us to tune the angle 
between the signal and the pump, which determines the spatial frequency of the 
modulation. The liquid crystal cell is similar to the one used in previously reported 
experiments [1-4], it is 75 µm-thick, with a planar alignment and biased by a 1 V low 
frequency electrical field. 
 
Fig. 1. Propagation of a sinusoidally modulated beam inside the NLC-cell. The modulation frequency 
is 0,125 µm-1 while its initial amplitude is about 30%. Note that the propagation length of the spectrum 
(right) is twice that of the beam intensity profile (left). 
 
 As is visible on Fig. 1, the initial modulation evolves towards a train of 
soliton-like beams after ~500 µm of propagation length. Correspondingly, we can see 
in the spectrum the growth of the higher-order harmonics. Quite remarkably, once the 
soliton array is formed, the energy exchange between the pump and the harmonics is 
inverted; hence the harmonics decrease with propagation while the periodic spatial 
pattern evolves back to its initial low-contrast profile. Note that this return to initial 
condition takes place on a distance that is much shorter than the absorption length of 
the material (soliton propagation in the same cell is observed over 5 mm, i.e., five 
times further than the recurrence period of Fig.1 [3]). We can thus interpret this 
behavior as being a Fermi-Pasta-Ulam (FPU) recurrence phenomenon akin to those 
already observed in the temporal domain in optical fibers that are ruled by the 
nonlinear Schrödinger equation (NLS) [5]. To confirm this interpretation, the FPU 
recurrence should be investigated theoretically in the nonlocal NLS-like equation 
describing light propagation in LC [1].  
Figure 2 illustrates the gain of the MI process with respect to the spatial frequency. In 
this case the signal intensity is 7% the pump intensity. As can be seen, the maximum 
of the gain curve is located around 0,25 µm-1 a value that is in excellent agreement 
with the observations of spontaneous MI in comparable experimental conditions [4]. 
Note that Fig.2 shows the existence of a cutoff frequency above which complete 
inhibition of the MI process is observed.  
 
 
Fig. 2. Measured MI gain in function of the initial modulation frequency.  
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